ABSTRACT The pathogenesis of angina pectoris in patients with left ventricular hypertrophy secondary to arterial hypertension and with normal coronary arteries remains uncertain. We measured coronary blood flow (argon method) in 12 control subjects and in 16 patients with arterial hypertension at rest and after intravenous administration of dipyridamole (0.5 mg/kg). In the patients with arterial hypertension, coronary blood flow response to dipyridamole was markedly reduced ( the extravascular component of coronary resistance.5-13 To further evaluate hypertensive patients with angina but with normal coronary arteriograms, the following studies were performed in addition to left ventricular and coronary angiography: (1) coronary blood flow (CBF) was measured at rest and during dipyridamoleinduced coronary vasodilation and (2) biopsy specimens were taken from left ventricular myocardium for microscopic evaluation of intramyocardial vessels and of the myocardial cells.
THE PARADOX of patients suffering from typical stress-induced angina despite the presence of normal coronary and left ventricular angiographic findings has been reported in recent studies. '-5 However, patients with essential hypertension have been excluded from these studies despite the fact that they often have symptoms of ischemic heart disease without evidence of coronary artery disease.
The mechanism responsible for the development of angina pectoris in patients with normal coronary arteries and left ventricular hypertrophy secondary to arterial hypertension has not yet been identified. A variety of possible causes have been suggested: a reduction in coronary reserve, an occlusive disease of small coronary arteries not visualized by coronary arteriography, an inadequate growth of the coronary microvasculature, or an augmentation of the extravascular component of coronary resistance. [5] [6] [7] [8] [9] [10] [11] [12] [13] To further evaluate hypertensive patients with angina but with normal coronary arteriograms, the following studies were performed in addition to left ventricular and coronary angiography: (1) coronary blood flow (CBF) was measured at rest and during dipyridamoleinduced coronary vasodilation and (2) biopsy specimens were taken from left ventricular myocardium for microscopic evaluation of intramyocardial vessels and of the myocardial cells.
Materials and methods
Group A (control subjects) consisted of 12 patients (seven men, five women; mean age 44.8 years) without detectable heart disease. These patients suffered from recurrent atypical chest pain and they were referred for coronary arteriography to exclude an organic cause of the symptoms. All patients in this group had normal electrocardiograms (ECGs) at rest and during exercise and normal coronary and left ventricular angiograms.
Group B comprised 16 patients (11 men, five women; mean age 51.4 years) with arterial hypertension class 1 or 11.14 The history of hypertension varied from 4 to more than 20 years (average 9.5 + 6.2 years). Patients were treated in addition to thiazide-type diuretics with /-adrenergic blocking agents (n = 12) and/or hydralazine (n = 3) or prazosin (n = 3). All patients had typical stress-induced angina pectoris that could be promptly relieved by nitroglycerin. The ECG showed evidence of left NO 1 1984 ventricular hypertrophy, 5 and sinus rhythm was present in all cases. Congestive heart failure, valvular heart disease, and coronary heart disease as well as echocardiographic signs of hypertrophic cardiomyopathy and/or asymmetric septal hypertrophy'6 were not present in these patients. After the patients gave informed consent, antihypertensive treatment was withheld for at least 12 hr before cardiac catheterization. All patients were premedicated with 1 0 mg of oral diazepam and were in the fasting state.
Determination of CBF. CBF was determined after right and left heart catheterization by the argon method, [12] [13] [14] [15] [16] [17] [18] [19] [20] 
Results
CBF. CBF was 78 ml/100 g/min in group A subjects and 88 ml/100 g/min in group B patients (table l; p = NS) under resting conditions. After administration of dipyridamole, however, the rise of CBF in group B patients was markedly reduced to 168 ml/ 100 g/min as compared with 301 ml/lOO g/min in controls (table 1; p < .001). Under resting conditions, coronary resistance was 1.03 mm Hg/ml/O00 g/min in group A and 1.14 mm Hg/ml/100 g/min in group B (p = NS). After dipyridamole, coronary resistance declined to 0.23 mm Hg/ml/100 g/min in group A and was significantly increased in group B (0.50 mm Hg/ml/100 g/min; p < .001) (table 1, figure 1 ).
MVo9, under resting conditions was 9. None of the biopsy specimens had significant interstitial fibrosis. The morphometrically determined average volume fraction of collagenous tissue of all patients was 4 vol% and exceeded 5 vol% in only one patient (No. 7, 13%), who showed slight focal fibrosis. In four patients (Nos. 7, 9, 12, and 13) a focal loss of myofibrils indicating degeneration of myofibers was observed.
Discussion
The major observation of this study confirming similar results published by Strauer2' is the reduction of dipyridamole-induced coronary vasodilation in patients with arterial hypertension, angina pectoris, and normal coronary arteries. Such a reduction of coronary reserve has been previously described in It may be questioned whether dipyridamole in the selected dose produced maximal coronary vasodilation. Minimal coronary resistance of the normal canine heart has been found to be approximately 0. 15 to 0.20 mm Hg/ml/ 100 g/min.' 1 28 29 Comparable values can be obtained in control subjects after intravenous administration of 0.5 mg/kg dipyridamole.5 18 30 In group B patients, reduction of coronary reserve could conceivably represent a shift in the dose-response curve of dipyridamole. Observations in patients with idiopathic dilated cardiomyopathy30 do not support this hypothesis because in this study a single dose of 0.5 mg/kg dipyridamole was sufficient to achieve exhaustion of coronary vascular reserve.
Another crucial point of this study may be the evaluation of the microvascular system. It must be taken into account that the range of vessels that could be analyzed is limited by technical and statistical difficulties, and vessels between 50 to 200 ,um are neither accessible to light and electron microscopic examination nor to study by angiographic techniques.
The main variability of the morphometric measurements results from the small dimensions of the endomyocardial biopsy samples. Furthermore, artifacts caused by the biopsy procedure and the immersionfixation technique limit the reliability of microscopic analysis.
The results of the present study demonstrate that coronary reserve is markedly reduced in patients with left ventricular hypertrophy secondary to arterial hypertension, which could explain the frequent observation of stress-induced angina. During exertion an imbalance between myocardial oxygen supply and oxygen demand occurs, which can result in reversible subendocardial ischemia.
